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Introduction:  One  of  the  many  uses  of  the  Ilizarov  ﬁxator  is  for  torsional  deformities  correction.  Rotational
and  translational  bone  displacement  related  to torsional  deformities  correction  includes  the  additional
tension  stresses,  which  affect  the  biology  of the regenerated  bone.  Understanding  the clinical  factors  will
assist in  designing  the  optimal  treatment  strategy,  thus  possibly  improving  the  outcomes.
Patients  and methods:  It was  case  series  retrospective  study.  The  study  examined  56 patients.  The
mean  follow-up  time  was  5  years  and  6 months.  The  mean  age  at the  start  of treatment  was  19
years  and  10  months.  Patients  underwent  derotational  corticotomies  of  distal  metaphysis  of  the femur
or  proximal  metaphysis  of  the  tibia using  the  Ilizarov  method.  In  these  patients,  following  dero-
tational  corticotomies  with  the  Ilizarov  method,  numerous  variables  were  deﬁned  and  their  effect
evaluated:  the  selected  treatment  strategy,  the  rate,  size,  type,  and  level  of  derotation  on  complica-
tions,  the  alignment  index,  the correction  coefﬁcient,  the  elongation  index,  and  deformation  correction
factor.
Results:  The  differences  in the values  of  alignment  index  and  deformation  correction  factor  in  this  study
subgroups  were  not  statistically  signiﬁcant.  We  found  differences  in  the elongation  index  and  correction
coefﬁcient  in  a number  of subgroups.
Discussion:  In  the case  of  correcting  torsional  deformation  without  signiﬁcant  elongation,  acute  correction
and with  a value  of  >  30◦ does  not  signiﬁcantly  affect  the  results.  Treatment  strategy,  type  and  level  of
derotation  had no  major  inﬂuence  on  torsional  deformities  treatment.
Level  of evidence:  Case-control  study  III.
©  2014  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Currently, the Ilizarov method is widely used in the world as
he treatment of various distortions in the axis of the extremi-
ies [1–3]. One of the many uses of the Ilizarov ﬁxator is torsional
eformation correction [4–6]. With the development of imaging
echniques, torsional deformations are being increasingly recog-
ized [7,8]. Correction of torsional deformation using the Ilizarov
pparatus requires using additional derotational mechanism and
igh-precision application of the apparatus onto the patient, which
omplicate the healing process and may  constitute the cause of
he infrequent employment of the Ilizarov apparatus for correcting
orsional deformation [9].
∗ Corresponding author. Tel.: +48 71 7343200.
E-mail address: morasp@wp.pl (P. Morasiewicz).
http://dx.doi.org/10.1016/j.otsr.2014.03.019
877-0568/© 2014 Elsevier Masson SAS. All rights reserved.Rotational and translational bone displacement related to
torsional deformities correction [10] affect the biology of the regen-
erated bone. Rotational and translational displacement of bone
fragments include the additional tension stresses, which may  cause
further damage to the nutritional blood supply to the bone [11].
Clinical factors, such as treatment strategy, type, rate, size, and
level of deformation correction with the Ilizarov method may  affect
the results of treatment [4,11–13].
It can be concluded that understanding the clinical factors
affecting the course and results of torsional deformation treat-
ment using the Ilizarov apparatus will help in planning the optimal
treatment strategy, identifying risk factors of complications; thus,
resulting in shortening the duration of treatment and at the same
time assisting in achieving improved treatment outcomes.International literature contains a very small number of clin-
ical works concerned with the treatment of torsional disorders
using the Ilizarov method [6,14–16]. These works relate to a small
number of patients and treat the various aspects of treatment in
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 fragmentary way. There is no comprehensive work about clin-
cal aspects of torsional deformation treatment using the Ilizarov
xator.
The aim of our study was to evaluate the clinical aspects tor-
ional deformation correction with the Ilizarov method. Based on
he clinical data, an analysis of the effect of treatment strategy, type,
ate, size, and level of derotation on the incidence of complications,
lignment index, and value of the correction coefﬁcient, elongation
ndex, and deformation correction factor in patients after derota-
ional corticotomies using the Ilizarov method was performed.
. Patients and methods
In the years 1996–2010, 89 patients underwent derotational
orticotomies of distal metaphysis of the femur or proximal meta-
hysis of the tibia using the Ilizarov method at ours Orthopedics
epartment. The subject of the clinical trials consisted of 56
atients, who reported to the follow-up. All patients were informed
bout the voluntary nature of participation in the study. The
esearch project was approved by the Bioethics Commission (deci-
ion number KB-724/2011). The subjects included 27 women and
9 men. The etiology was congenital in 28 cases, inﬂammatory in
6 and traumatic in 12.
In the case of femoral torsional deformation correction, the pre-
ared femoral apparatus consisted of proximal arch, ﬁxed to the
ntertrochanteric area with 2 Schanz screws, proximal ring, ﬁxed
ith 2 Kirschner wires, free middle ring, and distal ring, ﬁxed with
 Kirschner wires. The derotational mechanisms were installed
etween the middle and proximal rings (Fig. 1). In the case of
ower leg torsional deformation correction, the prepared lower
eg apparatus consisted of proximal ring ﬁxed with 3 Kirschner
ires, free second ring, third ring ﬁxed with 2 Kirschner wires, and
istal ring ﬁxed with 2 Kirschner wires. The derotational mecha-
isms were installed between the second and third ring (Fig. 2).
n the case of planned torsional deformation correction, three
erotational mechanisms of a speciﬁc type were installed, evenly
paced every 120◦ on the circumference of the rings. To reduce
ranslational bone displacement related to torsional deformities
orrection, we try to situate the bone fragments exactly in the
enter of Ilizarov device. In case of acute correction, we  used clini-
al method (rotation of the hip joints; transmalleolar axis method
Fig. 1. Ilizarov apparatus construction for femur derotation.Fig. 2. Ilizarov apparatus construction for lower leg derotation.
[17,18]) to estimated value of correction per-operating. Elongation
and axis correction were performed with the standard tech-
niques, previously described in literature. The complete weight-
bearing is authorized immediately in post-operative period after
derotation.
In all followed patients, medical records for the entire period of
treatment were analysed, and physical examination was  performed
during the follow-up visit. In order to determine the amount of
shortening of individual segments (in centimetres) and the defor-
mation of the axis (in degrees), X-ray images of patients’ limbs
were recorded. The size of the torsional deformation in the femoral
region was determined by assessing the range of internal and exter-
nal rotation of the hip joints; torsion of the lower leg was  assessed
with the transmalleolar axis method [17,18]. Lascombes et al. com-
plications classiﬁcation was used to evaluate treatment results [19].
Elongation index was deﬁned as the number of days necessary to
maintain the ﬁxator to achieve elongation of 1 cm.  The correction
coefﬁcient was deﬁned as the number of days needed to correct
the deformation by 1 degree [20]. Alignment index was  deﬁned
as the ratio of the size of the elongated limb to the size of the
shortening of the limb, expressed as percentage according to the
formula: elongation (cm) × 100%/shortening (cm) [20]. In order to
evaluate the correction of the angular deformation, the authors
introduced the deformation correction factor (DCF), deﬁned as the
ratio of the size of the angle of deformation correction (ADC) to
the size of the angle of initial deformation (AID), expressed as
percentage.
DCF = ADC/AID × 100%.
The evaluation of the clinical outcome was  performed accord-
ing to treatment strategy (one-stage, two-stage, multi-stage), type
of derotation (external torsion, internal torsion), rate of derota-
tion (gradual, acute), size of derotation (< 30◦, > 30◦), and level of
derotation (femur, lower leg).
The level of statistical signiﬁcance of the results, depending on
the level of derotation, type of derotation, rate of derotation, size
of derotation, was  based on the Mann-Whitney U-test. Similarly,
Mann-Whitney U-test was  used in the analysis of the signiﬁcance
of differences between mean values of variables in the study and
control group. Kruskal-Wallis test was used to analyse the statis-
tical signiﬁcance of differences between mean values of variables
depending on treatment strategies. All analyses were carried out
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Table  1
Value of alignment index, correction coefﬁcient, elongation index, and deformation correction factor in subgroups.
Alignment index [%] Deformation correction
factor [%]
Elongation index
[days/1 cm]
Correction coefﬁcient
[days/1 grade]
Mean SD Mean SD Mean SD Mean SD
Treatment strategy
Two-stage 98 6.92 100 0 52.68* 25.62 7.9 5.3
One-stage 97 20.22 100 2 47.36* 21.57 4.0 1.9
Multi-stage 100 0 100 0 29.60* 9.26 2.4 0.2
Level  of derotation
Lower leg 98 7.28 100 0 50.07 23.75 3.8* 3.2
Femur  96 22.53 100 2 45.66 21.53 4.5* 1.8
Type  of derotation
Internal torsion 96 9.95 100 0 52.44 21.71 5.0 2.3
External torsion 97 19.65 100 2 43.13 20.34 3.6 1.7
Rate  of derotation
Acute 103 18.21 100 0 57.02* 20.96 3.6 1.6
Gradual 97 12.81 100 2 38.65* 19 4.0 2.0
Size  of derotation
◦ * *
*
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to Lascombes classiﬁcation, there were grade I complications in 31
cases, grade IIa in 4 cases, grade IIb in 4 cases, grade IIIa in 1 case
and grade IVa in 1 case (Table 3).
Table 2
Value of complications per surgery in subgroups.
Complications per surgery
Mean SD
Treatment strategy
Two-stage 0.524 0.2
One-stage 0.375 0.17
Multi-stage 0.666 0.11
Level of derotation
Lower leg 0.303 0.13
Femur 0.583 0.05
Type of derotation
Internal torsion 0.41 0.5
External torsion 0.364 0.35
Rate of derotation
Acute 0.353 0.33<  30 100 14.59 100 
>  30◦ 89 26.54 100 
P < 0.05.
t an assumed level of signiﬁcance  = 0.05 using Statistica 10.0
oftware.
. Results
A mean follow-up time was 5 years and 6 months (2 y 1 m–15 y
 m).  A mean age at the start of treatment was 19 years and 10
onths (4 y 8 m–58 y). A total of 87 surgeries were performed
n 56 patients, an average of 1.55 surgeries per patient. Forty-one
atients had one-step torsional deformation treatment, 10 patients
nderwent two-stage procedure, and 5 patients had multi-stage
reatment (3–5 operations). Torsional deformation correction was
erformed at the level of the femur in 32 patients, and at the level
f the lower leg in 24 patients. External torsion was  corrected
n 42 patients, while 14 patients had internal torsion correction.
hirty-two patients underwent gradual derotation and 24 patients
ad acute torsional deformation correction. In 37 patients, the size
f the corrected deformation was below 30◦, while in 19 it was
bove 30◦.
The value of the elongation index, correction coefﬁcient, align-
ent index, and correction factor depending on treatment strategy,
s well as the level, type, rate, and size of derotation are shown
n Table 1. The differences between the values of correction
oefﬁcient, alignment index, and correction factor depending on
reatment strategy and the type and rate of derotation were not
tatistically signiﬁcant. Elongation index in the case of two-stage
reatment was 52.68 days/cm, and 47.36 days/cm for single-stage
reatment: the lowest value was noted for multi-stage treatment
nd amounted to 29.6 days/cm. These differences were statistically
igniﬁcant (P < 0.05). Rate of derotation had a statistically signif-
cant effect on elongation index. Elongation index in the case of
radual derotation was 38.65 days/cm, while in the case of acute
erotation, it was higher and amounted to 57.02 days/cm; this dif-
erence was statistically signiﬁcant (P < 0.05). Size of derotation had
 statistically signiﬁcant effect on the elongation index. Elonga-
ion index for derotation < 30 degrees was 33.07 days/cm, in the
ase of more than 30 degrees, it was larger and amounted to 48.33
ays/cm; this difference was statistically signiﬁcant (P < 0.05). The
orrection coefﬁcient for derotation in the femoral region was 4.5
ays/degree, in the case of patients with derotation of the lower
eg, it was shorter and amounted to 3.8 days/degree; this difference
as statistically signiﬁcant (P < 0.05). The size of derotation had a2 33.07 17.05 4.0 1.8
0 48.33* 20.56 2.9* 1.7
statistically signiﬁcant effect on the correction coefﬁcient. In the
group of patients with derotation ranging below 30◦, the correction
coefﬁcient was  4.0 days/degree, while in the patients with dero-
tation > 30◦, the correction coefﬁcient was  lower and amounted
to 2.9 days/degree; this difference was statistically signiﬁcant
(P < 0.05).
There were 8 cases of translational bone displacement in the
series (4 mm–8  mm,  mean value 6.9 mm).  The correction of transla-
tional bone displacement were made by modiﬁcation of the Ilizarov
ﬁxator. The derotational mechanisms were transformed into trans-
lational mechanisms. The translational/derotational mechanisms
were placed parallel to each other, all oriented in one direction.
The values of the average number of complications per surgery
depending on treatment strategy, as well as the level, type, rate,
and size of derotation were not observed to possess statistically
signiﬁcant differences (Table 2).
In the study group, we  observed 41 complications. AccordingGradual 0.391 0.76
Size of derotation
< 30◦ 0.391 0.54
>  30◦ 0.444 0.78
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Table  3
Number and category of complications.
Category of complication Number of
complication
% of
complication
Joint stiffness 13 31.7
Pin-site infection 12 29.2
Deformation of new bone formation area 4 9.76
Nerve injury 2 4.9
Premature consolidation 2 4.9
Deep vein inﬂamation 2 4.9
Soft  tissue necrosis 1 2.44
Incomplete osteotomy 1 2.44
Delayed consolidation 1 2.44
Joint subluxation 1 2.44
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bVascular injury 1 2.44
Fracture of new bone formation area 1 2.44
. Discussion
.1. Type and rate of derotation
Ilizarov apparatus allows for gradual, mixed, or acute deformi-
ies corrections. Lobst recommends acute deformation correction
13]. Kucukkaya et al., in some cases, performed acute correction
f deformation by Taylor Spatial Frame and then removed Tay-
or Spatial Frame and made plate ﬁxation of bone fragments [5].
ccording to Carbone [21] and Catagni et al. [22], acute correc-
ion can be made in case of external torsion < 20◦. Solomin believes
hat acute correction can be made in case of deformities < 35◦. Big-
er correction increased risk of nerves and blood vessels injury. In
ase of large deformities, multi-stage or multi-level treatment is
ecommended [23]. However, most researchers recommend grad-
al correction of deformation [11,12,16,24]. Gradual deformation
orrection is indicated especially in the case of large and com-
lex deformation, and minimizes the risk of damage to the soft
issues, especially the nerves and blood vessels [4]. Hosny and
adel recommend gradual correction of multiplane deformation
or better soft tissues adaptation and minimizes the risk of com-
lications [12]. They observed 3 peroneal nerve injury in group of 5
atients with angular or torsional deformities correction. He revi-
alizes acute correction [16]. Also Paley and Nakase believe that
radual correction is safe [11,25]. There are no works about process
f regenerated bone consolidation after acute and gradual derota-
ion. Rotational and translational displacement of bone fragments
ay cause further damage to the nutritional blood supply to the
one [11]. Pluripotencial cells, in case of low oxygen concentra-
ion transformed into chondral and ﬁbrous tissues, not into bone
issues [26]. There is no a clear deﬁnition of value of acute cor-
ection which didn’t cause nerve injury. This value is depending on
natomy and soft tissues and bone conﬁguration [25]. Experimental
esearch on soft tissue indicates favourable long-term effect of low
nergy stretching as compared to the strong short-term stretch-
ng [4]. The complete weigth-bearing could increase bone healing
ecause Ilizarov ﬁxator has good stability in frontal and sagital
lane, and allows for micromovement in long axis. This mechani-
al properties of Ilizarov ﬁxator can increase new bone formation
fter acute or gradual correction. In our work, we observed no
ffect of treatment strategy, and the type and rate of derotation on
linical parameters such as the value of correction coefﬁcient, align-
ent index, and correction factor, as well as the average number of
omplications. Only elongation index was found to be signiﬁcantly
igher in the group with acute derotation. These results lead to
 number of conclusions. Performing acute torsional deformation
orrection does not cause, with the exclusion of higher elongation
ndex, inferior clinical outcome and is not burdened by an increased
isk of complications as compared to gradual derotation. This may
e due to the fact that in the ﬁrst few weeks after osteotomy, they: Surgery & Research 100 (2014) 631–636
regenerated bone shows the best blood supply [27]. Regenerated
bone, in the ﬁrst two  months after osteotomy, shows the high-
est susceptibility to stretching, in next months appears intensive
bone mineralisation [28]. Correctly performed corticotomy allows
for achieving a valuable regenerated bone, even with potentially
traumatic acute derotation. Aside from higher elongation index,
the evaluated parameters did not differ depending on the rate
of derotation. This demonstrates considerable regenerative and
adaptive abilities of the regenerated bone and soft tissue surround-
ing it. Acute correction reduces the duration of treatment, which
potentially minimizes the risk of complications associated with
long-term retention of ﬁxator and reduces the cost of treatment.
Performing single-stage simultaneous large elongation and acute
derotation adversely affect the regenerated bone, which increases
the elongation index.
4.2. Internal torsion versus external torsion
Taylor and Tetsworth indicate that internal torsion creates
more problems as compared to external torsion [29,30]. However,
Jaarsma et al. found that patients with external torsion have more
functional problems than those with internal torsion [8]. Taylor
states that the risk of damage to the peroneal nerve is greater
for external torsion correction of the lower limb due to stretch-
ing of this nerve [31]. In our study, we did not observe statistically
signiﬁcant differences in outcomes for patients with internal and
external torsion corrections. Properly planned treatment strategy,
rate, and size of the correction, as well as precise assembly of the
Ilizarov apparatus allow for reducing complications and normal tis-
sue adaptation, both in the group with external and internal torsion.
4.3. Size of derotation
Nakase et al. observed a larger elongation index in patients with
derotation above 10◦, and proposed that the tension stress created
in regenerated bone during derotation may  adversely affect the
newly formed bone tissue. He suggests that torsion stress delays
the process of bone remodelling. He believes that for greater dero-
tations, a longer period of maintaining the ﬁxator should be planned
[11]. Derotation > 30◦ requires more time for correction, but is not
more technical difﬁcult. In our work, we noted a signiﬁcantly lower
correction coefﬁcient in patients with derotation above 30◦ as com-
pared to the group with derotation up to 30◦, which may  due to the
fact that the period of consolidation of the regenerated bone is simi-
lar in both groups, but in the group corrected > 30◦ spreads out over
a larger number of degrees. In the group with derotation > 30◦, we
observed signiﬁcantly higher elongation index. This may be due
to the fact that performing elongation and large derotation in a
single stage of treatment cause damage to nutritive circulation of
the regenerated bone in excess of its compensatory and regener-
ative abilities, resulting in a slower formation of the regenerated
bone. The size of the correction did not signiﬁcantly affect the align-
ment factor, correction factor, and the number of complications.
We believe that atraumatic corticotomy, preceded by drilling of the
bone, as well as the correct and precise installation of the apparatus,
allows for derotation, without simultaneous elongation, in a single
step with a high value of the angle thanks to reducing torsional
stresses during derotation, and ensuring appropriate conditions
for the formation of regenerated bone. Lack of differences in the
clinical parameters, excluding the elongation index, in the groups
with derotation up to 30◦ and > 30◦, and a lower correction coef-
ﬁcient in the group with derotation > 30◦, encourages performing
acute treatment of large derotations in the case of planned small
distraction. In the case of a planned concurrent large elongation
and derotation, derotation of up to 30◦ is indicated. This is due to
the fact that derotation > 30◦ increases the elongation index, which
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xtends the time required to maintain the Ilizarov apparatus. In
he case of derotation with a large elongation, for a derotation with
 large angular range, gradual correction of torsional deformation
s recommended. This treatment strategy can reduce the number
f stages of treatment, which will reduce the risk of complications
ssociated with any surgery, and should result in a better ﬁnal result
nd patient comfort.
.4. Strategy
Elongation index was the lowest in multi-stage treated patients,
t was intermediate in patients treated in a single step, and the high-
st in the group treated in two stages. This could be due to the fact
hat in multi-stage treated patients, as a result of large reduction,
ajor distractions were frequently performed. For large elonga-
ions, only the period of distraction was increased, while the period
f consolidation was similar to the cases with small elongations,
hich reduced the elongation index.
.5. Level of derotation
Higher correction coefﬁcient in the case of derotation in the
emoral area as compared to patients with lower leg derotation may
esult from a different distribution of forces acting on the femoral
egment. Larger soft tissue forces operate within the femur, which
hen combined with frequent contracture of the knee joint give a
igger moment of force [32].
.6. Complications
Velazquez et al. noted an increase in complications in the case
f using the apparatus for a longer period of time and comprehen-
ive treatment. He observed no correlation between the emergence
f complications and etiology, number of previous surgeries, and
longated segment [33]. Increased incidence of complications is
ssociated with the complexity of the defects [6]. According to Sims
nd Saleh, risk factors for infections in the area of the implants are
ge, low tension of the wires, long term maintenance of the appa-
atus, correction of deformation, and location of the ﬁxator on the
emoral segment [34]. In our work, we observed no effect of treat-
ent strategies, as well as of level, type, rate, and size of derotation
n the average number of complications.
.7. Comparaison to other technics
There are the other techniques for derotation: plates, nails,
nd monolateral and hexapodal external ﬁxators[5–7,35,36]. Dero-
ation with plates is a good method tolerable for patients, not
omplicated and not expensive [35]. Intramedullary nails dero-
ation is mini-invasive and allows to early rehabilitation [36].
onolateral external ﬁxators give good stability of bone fragments
nd are good tolerable for patients [7]. Plates, nails and monolat-
ral external ﬁxators give no chance for very precise and gradual
orrection. This method does not allow for a derotation with a large
ngular range. Hexapodal external ﬁxator gave very good precision
f derotation, but is expensive and needs computer software [5,6].
erotation with Ilizarov ﬁxator gives very good precision, allows
or a derotation with a large angular range, can be acute or gradual,
s not expensive and can be done without computer software.
. ConclusionIn the case of torsional deformation correction with the Ilizarov
ethod, without a signiﬁcant elongation, acute correction or
hat > 30◦ does not signiﬁcantly affect the results.
[y: Surgery & Research 100 (2014) 631–636 635
Treatment strategy, type and level of derotation had no remark-
ably inﬂuence on torsional deformities treatment with the Ilizarov
method.
During treatment of angular deformities of the extremities,
including torsional deformation, it is not always possible to obtain
full correction. Deformation correction factor, introduced by the
authors, facilitates the evaluation and comparison of the results of
treatment.
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